Thiosubstituted nitrodiene compound 1a was obtained from 2-nitropentachlorobutadiene and dodecanethiol. Compound 1b was prepared from 2-nitropentachlorobutadiene and hexadecanethiol. Monosubstituted diene compounds 1a and 1b reacted with piperazines such as derivatives of 2 and 4 in CH 2 Cl 2 and gave the novel compounds. 2-Nitro-3,4,4-trichloro-1-dodecylthio-1-(2-fluorophenylpiperazinyl]-1,3-butadiene (3d) was synthesized and its crystal structure was determined.
Introduction
In recent years, some mono-, di-, tris(thio)-substituted compounds were obtained from the reactions of nitrodienes with thiols and dithiols [1 -9] . N,S-substituted diene compounds were prepared by the reactions of some mono(thio)-substituted compounds with some amines (primary amine, piperazine, morpholine, piperidine, etc. [10 -15] ). The piperazine and piperidine compounds have been submitted to medicinal applications and gen transfer studies due to their interesting biological activity and chemical effects [16 -20] . According to an US patent, some thiosubstituted dienes also exhibit high biological activity [21] .
Nitrodienes, and especially their halogen derivatives, were used to develop preparative methods for the synthesis of complex polyfunctional derivatives of different classes. 2-Nitropentachloro-1,3-butadiene is a very reactive compound. In a substitution reaction proceeding by the addition-elimination reactions [22] , a 1-chloro substituent is easily replaced with N-and Snucleophiles.
The aim in this study was to synthesize and characterize new N,S-subtituted nitrodiene compounds and to determine the crystal structure of one representative product.
Results and Discussion
2-Nitro-1,3,4,4-tetrachloro-1-(dodecylthio)-1,3-butadiene (1a) and the hexadecylthio analogue 1b [12] 0932-0776 / 06 / 0900-1174 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com reacted with the piperazine derivatives 2a -f to give the new compounds 3a -l. Novel compounds 5a and 6b were obtained from the reaction of 1a, b with perhydro-1,4-diazepane.
In the IR spectrum of compound 5a no band is observed in the region 3200 -3450 cm −1 attributable to the streching vibration of a NH group, indicating the formation of 1,4-disubstituted homopiperazine. In contrast, the IR spectrum of 6b showed a characteristic >NH band at 3450 cm −1 . Microanalysis and further spectroscopic data verify these structures. The IR spectra showed a characteristic >C=O band at 1720 cm −1 for 3e, 3f and at 1700 cm −1 for 3l.
The aromatic protons are observed as multiplet at δ = 6.9 -7.4 ppm for compounds of 3b -d, and 3g -k. In the 1 H NMR spectra of the novel compounds containing the piperazine ring (3a -l), the piperazine protons are observed as broad singlets at δ = 3.16 -3.84 ppm for 3a -d and 3f -l, and as multiplets at 3.55 -3.86 ppm for 3e. In the APT spectra of 3c, d, f, h, k the CH 2 signals of the piperazine ring are identified in the range 49.46 -62.34 ppm, the aromatic ring carbon atoms at 114.83 -127.11 ppm, and the C=O peak is observed at 169.92 ppm for 3f. In the APCI mass spectrum 5a the molecular ion peak is observed at m/z = 901.8. The major fragment of compound 5a was observed at m/z = (M-46), corresponding most likely to [NO 2 ] + . The obtained products were stable and some of them are yellow in color. 
X-ray crystal structure of 3d
The structure of the compound 3d is shown in Fig. 1 . It contains the expected N,S-substituted butadienyl skeleton. Selected bond geometry values are given in Table 2 . The X-ray analysis of 3d reveals that chlorine substitution at C4 has occured in the C4 atom. The butadiene moiety assumes a configuration close to cisoid. In the structure of 3d the equivalent isotropic displacement coefficients (thermal parameters) of the carbon atoms of the dodecyl chain generally increase Cl2-C1-C2 122.6(4) C4-S1-C5 107.9(2) C4-N1-C18
125.3(4) C17-N1-C18 112.5(4) C3-C4-S1
113 Table 3 . Selected torsion angles of 3d.
61.0 (6) on going from C5 to C16, reflecting libration of the chain. For C5-C16 of 3d, the average C-C bond length is 1.498(5)Å and the average C-C-C bond angle is 116.2(4) • . The torsion angles of 3d are given in Table 3. All of the torsion angles within the dodecyl chain deviate from 180 • by less than 1.5 • . Thus the C12 chain has a near trans-coplanar conformation. The average deviation from the least-squares plane formed by C5-C16 is 0.040Å, with a maximum deviation of 0.083Å for C5. Both the observed values in 3d are consistent with the corresponding values in a similar compound [28] . The piperazine ring is in the chair conformation. The o-fluorophenyl ring is planar with a maximum deviation of 0.007Å.
Experimental Section
Melting points were measured on a Büchi B-540 melting point apparatus and are uncorrected. Elemental analyses were perform with a Carlo Erba 1106 Elemental analyser. Infrared (IR) spectra were recorded in KBr pellets in Nujol mulls on a Shimadzu FTIR-8101 spectrometry. NMR spectra were recorded on a Varian UNİTY INOVA instrument operating at 500 MHz for 1 H and 125 MHz for 13 C. The mass spectra were obtained on a Finnigan MAX spectrometer in the APCI made.
All chemicals and solvents were obtained commercially and used without purification. Products were isolated by column chromatography on SiO 2 (Fluka Kieselgel 60, particle size 63 -200 µm). TLC plates: silica 60F 254 (Merck, Darmstadt), detection with ultraviolet light (254 nm).
Preparations G e n e r a l p r o c e d u r e I f o r p r e p a r a t i o n o f S-s u bs t i t u t e d p o l y h a l o n i t r o d i e n e s 1a, b [12] Equimolar amounts of 1,1,3,4,4-pentachloro-2-nitro-1,3-butadiene in 10 ml of ethanol and thiols in 10 ml ethanol were mixed at r. t. The mixture was stirred for 24 h. Chloroform was added to the reaction mixture. The organic layer was separated and washed with water (4 × 30 ml) and dried with Na 2 SO 4 . After the solvent was evaporated the residue was purified by column chromatography on silica gel.
G e n e r a l p r o c e d u r e I I f o r p r e p a r a t i o n o f N, Ss u b s t i t u t e d p o l y h a l o n i t r o d i e n e s 3a -l, 5a, 6b
Equimolar amounts of S-substituted polyhalonitrodienes 1a, b and piperazine derivatives 2a -f or perhydro-1,4-diazepane (4) were mixed in dichloromethane at r. t. The mixture was stirred for 2 -3 h. Chloroform was added to the reaction mixture. The organic layer was separated and washed with water (4 × 30 ml) and dried with Na 2 SO 4 . After the solvent was evaporated the residue was purified by column chromatography on silica gel. The yellow crystals of 3d suitable for X-ray diffraction were obtained by recrystallization by slow evaporation of ethanol at 20 • C. 
3,4,4-Trichloro-1-(dodecylthio)-2-nitro-1-(4-phenylpiperazin-1-yl)-1,3-butadiene (3b)
Yield
3,4,4-Trichloro-1-(dodecylthio)-1-[4-(4-fluorophenyl)piperazin-1-yl]-2-nitro-1,3-butadiene (3c)
Yield: 0.16 g (40%). Oil. R f = 0.21 (CHCl 3 ). -IR (KBr): υ = 2800, 2900, 3100 (C-H), 1580, 1620 (C=C), 1300, 1505 cm −1 (NO 2 
